Supplementary Figure S1 GD2 positive cells sorted from mouse nucleus pulposus (mNP) showed high proliferative capability. Cells were sorted from 20-day-cultured mNP. Sorted GD2 + CD24 + cells were superior to GD2 -CD24 + cells in proliferative capacity at 10 days in additional liquid culture. Scale bars are 50 µm. Supplementary Figure S2 Generation of GD2 + cells from sorted mouse Tie2 + GD2 -NP cells. Tie2 + GD2 -NP cells were sorted from 10-day-cultured mNP cells and passaged in liquid medium for 10 days. Generation of Tie2 + GD2 + was confirmed. 
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Supplementary Figure S4 Expression of Tie2, GD2 and CD24 during liquid culture of human NP (hNP) cells. In human NP cell culture a small number of Tie2 + GD2 -CD24 -cells (Tie2 Single Positive cells: T/sp) were detected in the beginning but hardly increased (middle panels) whereas Tie2 + GD2 + CD24 -cells (Tie2 and GD2 Double Positive cells: TG/dp) and Tie2-GD2+CD24-cells (GD2 Single Positive cells: G/sp) increased. Finally at the 28th day of culture, 35% of NP cells were recognized as Tie2 -GD2 -CD24 + cells (CD24 Single Positive cells: 24/sp) aside from 24/sp that used to make up to 74% of primary cells had disappeared by day 6 suggesting their poor proliferation capability. As a whole, a hierarchy that originates from T/sp and followed by in the order of TG/dp, G/sp and 24/sp was observed. Typical expression patterns of five experiments are shown. Supplementary Figure S5 Both TG/dp and G/sp generated from T/sp whereas G/sp did not generate T/sp or TG/dp. T/sp and G/sp were purified from hNP cells. Each cell population was cultured in liquid culture condition and analyzed for changes in expression of Tie2 and GD2. After 14 days in culture, T/sp cells generated TG/dp and G/sp however, G/sp cells did not generate T/sp or TG/dp . Typical expression patterns of five experiments are shown.
Supplementary Figure S6
Expression of other surface markers on hNP cells. The expression of other cell surface markers specific for bone marrow stromal cells were tested. hNP cells that had been cultured for seven days were stained with Tie2, GD2 and CD24 antibodies and then stained with antibodies for other surface markers. T/sp + TG/dp showed distinction from the downstream two populations G/sp and 24/sp in Flt1 and CD271. However CD44, CD49f, CD56, CD73, CD90, CD105, and CD166 were positively expressed universally. Typical expression patterns of five experiments are shown. Figure S9 
FACS analysis of EGFP + cells retrieved from the primary transplants.
Detection of EGFP + cells in the digestively retrieved cells from each transplant is shown. Tissue alone means that lethally irradiated (15Gy) allogeneic hNP tissue was transplanted without cells. Labeled cells were detected in the retrieved cells from the TG/dp transplants in every five recipients whereas it was hardly detected from G/sp or from 24/sp transplants. Typical result of five experiments are shown. Supplementary Figure S11 Human Ang-1 productions from AHESS-5 (murine stromal cells overexpressing human Ang-1) 22 , primary hNP cells and murine stromal cell line HESS-5 to cell culture supernatant were determined using an Ang-1 ELISA kit (R&D System). Cell culture supernatant of confluent AHESS-5, primary NP cells and HESS-5 were measured at 1, 3, 5, and 7 days in each culture period (n=5).
Supplementary Table S1 Result of mesenchymal lineage differentiation assay in vitro in cells retrieved from TG/dp transplants. Supplementary Table S2 Clinical data of IVD donors
Supplementary Methods
Cell isolation and culture. Human NP (hNP) tissues were cut into small pieces and digested with TrypLE Express (Gibco) for 1 hour followed by 0.25 mg/ml Collagense-P (Roche) for 2 hours at 37°C. The digested cells were washed twice with α-MEM (Gibco), and primarily seeded at 3,000 to 5,000 cells/cm 2 . Mouse NP (mNP) tissues were also digested with the same enzymes for 30 minutes. hNP or mNP cells were cultured in α-MEM ( mAb. Streptavidin-allophycocyanin-Cy7 (BD Pharmingen) was also used as needed. mNP cells also stained with anti-human GD2 mAb, anti-mouse Tie2 biotinylated goat polyclonal antibody (pAb) (R&D Systems) and PE-conjugated anti-human CD24 (BD Biosciences; clone ML5) mAb. In the cases where biotinylayed primary antibodies were used cells were washed and then incubated with allophycocyanin-conjugated streptoavidin (BD Biosciences). Stained hNP or mNP cells sorted using a FACS Vantage cell sorter (BD Biosciences).
